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Introduction 

In support of the Analytical Facility Upgrade two new ten-plex facilities 
and duo-plex facilities will be installed. 
located just southeast of the laboratory) will be used by personnel who 
must be relocated during the Analytical Faci 1 i ty Upgrade project. Phone 
service to the new Analytical Facility and trailer complex is required. 
To accomplish this task, new telephone poles must be installed from the 
southwest corner Administration Buildin to the northeast corner of the 

These facilities (to be 

Analytical Facility and to the new trai 4 er complex. 
Excavation for this project involves removal of approximately five cubic 
yards of soil. A motor driven auger will be used to d i g  a total of seven 
holes (two feet in diameter by six feet deep).. The poles are 35 feet tall 
and shall be set at a six foot underground depth. The first pole shall be 
located just south of the Administration Building Frame room. Additional 
poles shall be installed at 150 foot intervals extending to the northeast 
corner of the new Analytical Facility. The poles shall be installed using 
a pole installation truck. 

This Removal Site Evaluation (RSE) has been completed by the Department of 
Energy (DOE) under authorities delegated by Executive Order 12580 under 
Section 104 of CERCLA and is consistent with Section 300.410 of the 
National Oil and Hazardous Substance Pollution Contingency Plan (NCP . 
This RSE addresses the construction activities related to the instal 1 ation 
of telephone poles at the FHPC and has been completed to support the 
decision as to whether the present conditions warrant a removal action. 
In order to support the decision concerning a removal action based on 
present conditions, a risk analysis was conducted (Attachment 3) to 
characterize the potential risks experienced by two Reasonable Maximum 
Exposure (ME) individuals. The -two -fUlE-individuals are id-entified under 
Exposure Scenario I1 and 12. Exposure Scenario 11 analyzes the doses and 
risks associated with an individual walking past the contaminated areas on 
a daily basis. Exposure Scenario 12 evaluates the doses and risks 
associated with a worker installing the proposed telephone poles. The 
exposure to this Individual occurs from two pathways: 

The external radlation pathway resulting from work being 
performed In the contaminated region. 

The Inhalation radiation pathway resulting from breathing 
resuspended dust which is laden with radionuclides. 

1) 

2) 

Source Terq 

Historical records and aerial photograph reviews of the project work area 
did not reveal any known prior use for the project area. There is no 

productlon related operations, including storage, 
activities were performed which may have contributed 

waste constituents to the environment at this 
project area. The slte characterization data discussed In the following 
sections directly support this position. 2 
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Total uranium and total thorium, assumed to be represented by a natural 
isotopic activity distribution, are the only radionuclides of concern. 
order to simplify the calculations and provide conservative dose and risk 
estimates, the maximum total uranium and thorium values were used, 

In 

431 parts per million - Concentration at Sample Point 1 for uranium. 
88 parts per million - Concentration at Sample Point 2 for thorium. 

Assuming a natural activity distribution would correspond to the following 
activities: 

Total uranium - 187.5 pCi/q 
U-238 140.5 pCi/g 

U-235 6.5 pCi/g 

- U-234 = 140.5 pCi/g 

Although a natural isotopic distribution is assumed for the uranium 
isotopes, the uranium contamination is assumed to be of NORMAL content. 
This means the only daughters which are included in the dose and risk 
calculations o f  the processed uranium are the imnediate, short-1 ived 
t hori um-234 and prot act ini um-234. 

Total thorium represents all thorium-232 

Th-232 * 9.60 pCl/g 

Th-228 - 9.60 pCi/g (Secuiar Qui1 ibrium’ui th- thorium-232) 

As part of the site characterization activities, surface and subsurface 
soil sampling was performed along the roposed excavation route. The 

1 and 2 respectively. 

Evaluation o f  the Naqnitu de o f  the Po tential Threat 
As indicated by these analytical results, 14 individual samples show 
concentrations of uranium or thorium above Category 1 requirements as 
defined in FMPC Site Procedure 720 (see Table 1); Additionally, the TCLP 
analysis of 17 surface samples (completed on 12/21/90) indicated RCRA 
constituents are below regulatory limits (see Table 2). A sunary 
o f  the sample results listed in Table 1 and 2 is as follows: 

location and analytical results o f  eac R sample are provided as Attachment 

a. 12 of the 17 surface s o l 1  samples taken for Total Uranium 
content are over 50 ppm (35 pCi/g). 
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b. 

c. 

d. 

e. 

1 of the 17 surface s o i l  samples (Sample point  3-0 taken 
f o r l o t a l  Thorium content i s  over 46 ppm (10 pCi/g I . 
1 of the 17 one f o o t  depth s o l l  samples (Sample Point 17-1) 
taken f o r  Total Uranium content i s  over 50 pps. 

None of the one f o o t  depth s o l l  samples taken f o r  Total  
Thorium content are over 50 ppm. 

None o f  the s o l l  samples taken f o r  TCLP analysls are above 
the regulatory l e v e l .  

f. Sample po in t  117 fo r  Tota l  Uranium shows an inversion: The 
surface value i s  a t  18 ppm whereas the one foot reading i s  
57 ppm. 

The acceptable residual concentrat ions I n  surface s o i l  i s  assumed t o  be 
35 pCi/g (approximately 50 ppm) t o t a l  uranium and 10 pCi/g (approximately 
46 ppm) t o t a l  thorium f o r  for  the FMPC, p r i o r  t o  specl f icat ion o f  f i n a l  
clean-up c r i t e r i a  under the RI/FS. These concentrat lons were developed 
f rom the Nuclear Regulatory Comnission (NRC) Branch Technical Posi t ion,  
"Disposal or  On-Site Storage o f  Residual Thorium o r  Uranium (Ei ther as 
Natural Ores o r  Without Daughters Present) From P a s t  Operations' (1981) 
and has been adapted from numerous s i t e s  throughout the United States. 

Dose and r i s k  was estimated i n  two exposure scenarios f o r  the i d e n t i f i e d  
maximum source loca t ions .  Exposure Scenario 11 was i d e n t l f i e d  by an 
external radiat ion pathway which occurs as the receptor (an WE 
ind iv idual )  walks past the contaminated areas each day. Exposure Scenario 
# 2  was i d e n t i f i e d  by the worker who performs the excavation a c t i v i t l e s  - 
along with the i n s t a l l a t i o n  of t he  telephone poles. 

Total r i s k  f o r  Exposure Scenario 11 I s  shown below: 

. 

Tota l  risk - 8 . 5 ~ 1 0 ' ~  

This value r e  resents the p o t e n t l a l  annual r i s k  t o  an lnd lv idual  walking 

Simi lar ly,  the t o t a l  r lsk  f o r  Exposure Scenario 12 I s  shown below: 

past the Idea ! ired  contaminated r e g i o n  on a dai ly work basis. 

Total Risk - 1 . 5 3 ~ 1 0 ' ~  ~ 

These r isks are based on several assumptions which g rea t l y  exaggerate the 
doses and associated r i sks .  The assumptlons are out l ined below: 

1) A constant homogeneous source d i s t r i b u t i o n .  

2) 

3) A u n i f o m  source d i s t r i b u t l o n .  

4) 

Conservative, hypothet I c a l  exposure scenarlos. 

A conservative dust resuspension factor .  

4 
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Even considering the above assumptions, the doses estimated in this 
assessment can be considered insignificant. The €PA and NRC have proposed 
BRC (Below Regulatory Concern) dose levels of between 5 to 10 irem per 
year, committed effective dose equivalent. As a result, the estimated 
risks are in the range o f  proposed 'diminis levels' (Travis, 1989). 

In order to significantly reduce the otential threat of contaminate 

administered as follows: 
releases during relocation of the soi ! , control measures will be 

1. 

2. 

During excavation, soil and boxes will be placed on plastic to 
prevent possible migration. 

In the event that the soil has drled to the point where dusting 
is possible, manual re-wetting of the soil will be performed. 

3. The volume of soil removed from zero to twelve inches shall be 
placed in metal boxes to facilitate proper dispositioning 
(pendin RCRA determination from the existing sample data). 

Pol icy and Procedure IFHPC-720, 'Control of Construction Waste". 

Excavations for poles shall not be left open, poles will be 
placed imnediately upon completion of the excavation. Therefore, 
the possibility of run on and run off water will not occur. 
Oispositioning/handling of the soil shall be performed during 
non-peak personnel traffic times and/or by using an appropriate 
personnel detour route away from the area. 

Soil be s ow the one foot depth will be dispositioned per FHPC Site 

4. 

5. 

6. Final soil disposition shall be in accordance with radiological 
guide1 iner specified in Skte,Po!!cy and Procedure-tW-720, 
'Control of Construction Waste;" and per the specific 
requirements noted within thls RSE document; as well as 
consistent with site zoning procedures. 

Based on the attached data, only Sample point 117 exceeds the acce table 
residual concentration at a one foot depth. Telephone pole instal P ation 
is not planned in the area where this sample was taken. However, 
telephone cabling 1s to be Inserted with minimal soil disturbance in this 
area. This activity i s  not expected to result in a substantial threat of 
release o f  hazardous waste constituents to the environment. 

- 
- .  

Assessment o f  the Need f o r  Removal Action 

Consistent with Section 40 CFR 300.410 of the National Contingency Plan, 
the Department of Energy shall determine the appropriateness of a removal 
action. Section 40 CFR 300.415 (b) (2) of the National Contingency Plan 
defines eight factors which should be considered in determinin the 
appropriateness of a removal action. Three o f  these factors ( 9 isted 
below) are specifically applicable to this assessment: a 
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i. Actual o r  po ten t i a l  exposure t o  nearby human populations, animals 
o r  the food chain f r o m  hazardous substances o r  po l lu tants  or 
contaminants. 

i v .  High l e v e l s  of hazardous substances, po l lu tants  o r  contaminants 
i n  s o i l s  l a r g e l y  a t  o r  near the surface, that may migrate. 

v. Weather condi t ions that  may cause hazardous substances, 
po l l u tan ts  o r  contaminants t o  migrate o r  be released. 

These factors  are considered appropriate as a r e s u l t  o f  t he  potent ia l  
exposure to, o r  re lease o f  hazardous waste constituents, po l lu tants  or 
contaminants from loca t i ons  where the telephone poles are t o  be 
i ns ta l l ed .  

AmroDriateness of a ResDonse 

I f  i t  i s  determined that a response act ion i s  appropriate due t o  the 
migrat ing p o t e n t l a l  o f  disturbed contaminants and nature o f  the excavation 
a c t i v i t i e s  involved i n  the telecomunicat ions project, a removal act ion 
may be required t o  address the e x i s t i n g  s i t ua t i on .  

I f  a planning pe r iod  o f  less than s i x  months ex i s t s  p r i o r  t o  i n i t i a t i o n  o f  
a response act ion,  DOE will issue an Action Memorandum. The Action 
Hemorandum w i l l  descr ibe the selected response and provide supporting 
documentation f o r  t h e  decision. 
I f  i t  i s  determined that there i s  a planning er iod greater  than s i x  

t o  be used f o r  documenting the th rea t  t o  p u b l i c  heal th and the environment 
and f o r  evaluat ing v i a b l e  a l t e rna t i ve  response actions. 
serve as a dec is lon document t o  be included in the Administrat ive Record. 

months before a res onse i s  i n i t i a t e d ,  WE w i  0 1 issue an Engineering 
Eva1 uat ion/Cost Ana P y s i  s (EE/CA) Approval Nemorandw. This  memorandum i s  

It w i l l  also 

Based on the eva lua t i on  o f  a l l  of the above factors, i t  has been 
determined t h a t  e x i s t i n g  contro ls  f o r  the planned act ion are adequate and 
a removal act ion i s  n o t  required. 

6 
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Sample Po in t  

11 -0 
111 -0 

12-0 
12-0 

113-0 
13-0 

#4-0 
#4-0 

#5-0 
PS-0 

16-0 
16-,O 

17-0 
17-0 

18-0 
18-0 

19-0 
19-0 

110-0 
110-0 

111-0 
111-0 

112-0 
112-0 

113-0 
113-0 

Footnotes : 

Table 1 

THORIUM AND URANIW ANALYSIS OF SOIL SAMPLES 

Attachment 2 

Depth 

sur face 
sur face 

s u r f  ace 
sur face 

sur face 
surface 

surface 
sur face 

sur face 
sur face 

sur face 
surface 

sur face 
surface 

surface 
sur face 

s u r f  ace 
sur face 

sur face 
sur face 

sur face 
sur face 

sur face 
sur face 

surface 
surface 

Analys is  

To ta l  U 
Tota l  Tk 

To ta l  U 
To ta l  Th 

To ta l  U 
To ta l  Th 

To ta l  U 
To ta l  Th 

To ta l  U 
To ta l  Th 

To ta l  U 
To ta l  Th 

To ta l  U 
To ta l  Th 

Tota l  U 
To ta l  Th 

Tota l  U 
To ta l  Th 

Tota l  U 
To ta l  Th 

To ta l  U 
Tota l  Th 

To ta l  U 
To ta l  Th 

Tota l  U 
Tota l  Th 

Resul t  

431 ppla 
24 Ppcn 

432 ppm 
37 ppm 

328 ppm 
88 PPm 

267 ppm 
18 PPm 

278 ppm 
18 PPm 

201 ppm 
18 PPm 

132 ppm 
18 PPm 

34 PPm 
18 PPm 

46 PPm 
18 P W  

30 Pplr 
18 Ppsl 

19 Ppnr 
18 PPm 

61 PPm 
18 PPm 

64 PPm 
18 PPm 

l e v e l  o f  Concentration 

Category 3 
Category 1 

Category 3 
Category 1 

Category 3 
Category 2 

Category 3 
Category 1 

Category 3 
Category I 

Category 3 
Category 1 

Category 2 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

_ _  

Category 1 
Category 1 

Category 2 
Category 1 

Category 2 
Category 1 

A. 

8. Category 2 s o i l  i s  g rea te r  than 35 pCi/ but  l ess  than 

C. 

Category I s o i l  i s  l e s s  than or equal t o  35 pCi/g. 
(35 pCi/g equals SO ppm) 

7 o r  equal t o  100 pCi/g. (100 pCi/g equa s s 150 ppm) 

Category 3 s o i l  l a  grea te r  t han  100 pCi/g. 
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Table 1 (con ' t )  

1114-0 
114-0 

415-0 
115-0 

1116-0 
#16-0 

1117-0 
1117-0 

Y1-1 
# I - 1  

#2- 1 
12-  1 

13- 1 
Y3- 1 

1 4 -  1 
Y4- 1 

15-1 
Y5- 1 

#6- 1 
16- 1 

I.7- 1 
17-1 . 

18- 1 
18- 1 

59- 1 
19- 1 

Footnotes: 

THORIUM AND URANIUM ANALYSIS OF S 

sur face 
sur face 

sur face 
surface 

sur face 
s u r f  ace 

sur face 
sur face 

1 f o o t  
1 f o o t  

1 f o o t  
1 foot  

1 f o o t  
1 f o o t  

1 f o o t  
1 f o o t  

1 f o o t  
1 f o o t  

1 f o o t  
1 foo t ,  

1 f o o t  
1 f o o t  

1 f o o t  
1 f o o t  

1 f o o t  
1 f o o t  

T o t a l  U 
T o t a l  Th 

T o t a l  U 
T o t a l  Th 

T o t a l  U 
T o t a l  Th 

T o t a l  U 
To ta l  Th 

T o t a l  U 
To ta l  Th 

T o t a l  U 
T o t a l  Th 

T o t a l  U 
T o t a l  Th 

T o t a l  U 
To ta l  Th 

T o t a l  U 
To ta l  Th 

T o t a l  U 
T o t a l  Th 

To ta l  U 
T o t a l  Th 

T o t a l  U 
T o t a l  Th 

T o t a l  U 
T o t a l  Th 

Attachment 2 

1L SIMPLES 

Category 2 
Category 1 

Category 2 
Category 1 

Category 2 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category - 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

A. 

8. Categor 2 sol1 I s  g r e a t e r  than 35 pCi/ bu t  l e s s  than 

C. 

Category 1 s o i l  i s  l e s s  than or equal t o  35 pCi/g. 
(35 pCi/g equals 50 ppm) 

o r  equa ! t o  100 pCi/g. (100 pCi/g equa 9 s 150 ppm) 

Category 3 s o i l  i s  g r e a t e r  than 100 pCi/g. 
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Table 1 (con't) 

THORIUM AND URANIUM ANALYSIS OF SOIL WPLES 

#lo-1 
110-1 

#l l - 1  
111-1 

112-1 
#12-1 

R13-1 
113-1 

#14-1 
114-1 

#15-1 
115-1 

Y16- 1 
#l6-1 

117-1 
117-1 

Arsenic  
B a r i  um 
Cadmi um 
Chromi urn 
Le ad 
Mercury 
Sel e n i  um 
S i l v e r  

Footnotes: 

1 foot T o t a l  U 21 PPm 
1 foot T o t a l  Th 18 PPm 

1 foo t  T o t a l  U 22 PPm 
1 f oo t  T o t a l  Th 18 PPm 

1 foot T o t a l  U 17 PPm 
1 foot T o t a l  Th 18 PPm 

1 f o o t  T o t a l  U 29 PPm 
1 f o o t  T o t a l  Th 18 PPm 

1 foo t  T o t a l  U 18 PPm 
1 f o o t  To ta l  Th 18 PPm 

1 foot  T o t a l  U 11 PPm 
1 f o o t  T o t a l  Th 18 PPm 

1 f o o t  T o t a l  U 29 PPm 
1 foot  Total Th 18 PPm 

1 foot Total U 57 PPm 
1 foot  T o t a l  Th 18 PPm 

TABLE 2 .  . . __.I. -. . . -. . . . . 
. ... . .>- . . . .-. i . ..- . . 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 1 
Category 1 

Category 2 
Category 1 

- .  

TCLP ANALYSIS OF SOIL SAHPLES 

Regulatory Sample Sample Sample Sample Sample 
l eve l :  q/l P o i n t  1 Point  2 Po in t  3 P o i n t  4 Point 5 

5.0 (0.100 (0.100 (0.005 (0.005 (0.055 
100.0 0.606 0.571 0.616 0.480 0.631 
1 .o 
5.0 
5.0 
0.2 
1 .o 
5.0 

A. 

6. 

C. 

Category 1 s o i l  i s  l ess  than o r  equal t o  35 pCi/g. 
(35 pCi/g equals  50 ppm) 

Category 2 s o i l  1s greater  than 35 pCi/ bu t  l ess  than 

Category 3 s o i l  i s  g rea ter  than 100 pCi/g. 

9 o r  equal t o  100 pCi/g. (100 pCi/g equa 9 s 150 ppm) 
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Arsenic 
Barium 
Cadmi urn 
Chromi urn 
Lead 
Mercury 
Sel en i urn 
S i l v e r  

Arsen i c 
Barium 
Cadmi um 
Chromi urn 
Le ad 
Mercury 
Sel en i urn 
S i l v e r  

Arsenic 
Barium 
Cadmi urn 
C hromi urn 
Lead 
Mercury 
Selenium 
S i l v e r  

Table 2 (con't) 

TCLP ANALYSIS OF SOIL SAMPLES 

Regulatory 
Level: mg/l 

5.0 
100.0 
1 .o 
5.0 
5.0 
0.2 
1 .o 
5.0 

Regulatory 
Level: mg/1 

5.0 
100.0 
1 .o 
5.0 
5.0 
0.2 
1 .o 
5.0 

Regulatory 
Level: mg/l 

5.0 
100.0 
1 .o 
5.0 
5.0 
0.2 
1 .o 
5.0 

Attachment 2 

Sample Sample Sample Sample Sample 
Point  6 Point 7 Point  8 Point 9 Po in t  10 

(0.005 
0.655 

(0.005 
(0.008 
(0 .030 
<o .002 
(0.010 
(0.005 

Sampl e 
Point  1 

(0.005 
0.740 

(0.005 
(0.008 
(0.030 
(0.002 
(0.025 
(0.005 

<O. 00s (0.005 
0.586 0.592 

<0.005 <O .005 
(0.008 (0.008 
(0 030 (0.030 
(0.002 (0 ,002 
(0.025 (0.010 
<O. 005 (0.005 

Sample Sampl e 
Point  12 Point  1 

(0. 005 
0.738 

<O ,005 
(0.008 
(0.030 
<0.002 
(0.025 
(0,005 

<0.005 
0.750 

(0.005 
(0. 008 
(0.030 
<0.002 
(0.025 
(0.005 

Sample Sample 
Point  16 Point  17 

<o.oos 
0.902 

<0.005 
(0.008 
(0.030 
t o .  002 
(0.025 
<0.005 

eo. 005 
0.715 

eo. 005 
CO .008 
<O .030 
eo. 002 
<0.02s 
(0.005 

(8.005 
0.714 

(0 ,005 
(0.008 
(0.030 
(0.002 
(0.010 
<o. 005 

Sampl e 
Point 1 

(0.005 
0.614 

<0.005 
<O. 008 
(0.030 
(0.002 
(0.025 
<o. 00s 

<0.005 
0.710 

(0.005 
<0.008 
<O.Q30 
(0.002 
(0.010 
(0,005 

Sample 
Point  15 

<0.005 
1 .oo 

<0.005 
(0.008 , 
(0.030 
<0.002 
(0.025 
(0.005 
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ESTIMATION OF POTENTIAL DOSES AND RISKS ASSOCIATED WITH THE 
INSTALLATION OF TELEPHONE POLES ALONG THE ROUTE FROM THE 

AIDIWIIWSTRATION BUILDING TO THE NEW ANALYTICAL FACILITY 



INTRODUCTION 

This assessment will characterize the doses and risks to w o  Reasonable Maximum Exposure 
(RME) individuals as identified under Exposure Scenarios (1) and (2) below: 

(1) Worker who walks past the contaminated areas (associated with the telephone pole 
route) on a daily basis over an annual time frame of exposure duration. 

(2) Worker who prepares the contaminated regions for installing the telephone poles. 
"lis individual is assumed to work in the contaminated area on a daily basis, five 
days p e r  week, for a total of one montb. 

The format for this investigation will consist of the following components: 1) source 
characterization, 2) exposure scenarios and their associated parameters, 3) exposure 
pathways and their methodology, and 4) dose and risk results for each exposure scenario. 

SOURCE CHARACTERIZATlON 

.The radioactivity sources for this investigation are assumed to be uniformly and 
homogeneously distributed throughout the contaminated zone, as represented by the 
maximum observed concentrations of total uranium and thorium in Attachment 1. In 
addition, it is assumed that the uniform distribution of radionuclides along the telephone 
cable route are within what can be considered an infinite or semi-infinite region. The 
volume of contamination is assumed to be uniformly distributed to an infinite depth as well. 
As a result of these assumptions, the resulting dose distniution can be assumed to be 
uniform within the body (Gilbert, 1989). Finally by utilizing these idealized assumptions, 
dose conversion factors (DCFs) relating an effective dose equivalent rate to a radionuclide 
concentration can be established. 

The external radiation pathway is primarily controlled by gamma-ray radiation. Gamma 
radiation is the primary radiation of concern for the external radiation pathway because it 
is sufficiently penetrating to represent a dose at considerable distances. The DcFs for 
ground contamination were developed based on exposure at a distance of one meter above 
the ground. Tbese DCFs represent the annual effective dose equivalent from exposure to , 

external radiation. 

The radiation dose from inhalation has been extensively evaluated by the International 
Radiation Protection association in its Publication 30 (ICRP, 1979-1982). 'Dose equivalents 
in organs and h u e s  of the body are calculated with models that describe first the entrance 
of materials into the body and then the deposition and later retention of the radionuclides 
in the bodily organs. Dose equivalents estimate the energy deposition of the radionuclides 
in the tissues of the body (ICRP, 1979-1982). Dose conversion factors for inhalation 
represent committed effective dose equivalents per unit intake of a radionuclide. 
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Attachment 1 of the RSE identifies a map of the proposed telephone pole route. Table 1 

located along the proposed route. Total uranium and thorium, assumed to be represented 
by a natural isotopic activity distribution, are the only radionuclides of concern. In order 
to simplij, the calculations, as well as provide conservative dose and risk estimates, the 
maximum total uranium and thorium values were used. 

I of Attachment 2 identifies the sample points for total uranium and thorium which are 

431 parts per million = Concentration at Sample point (1) for Uranium 

88 parts per million = Concentration at Sample point (2) for Tborium. 

Assuming a natural activity distribution would correspond to the following activities: 
> 

Total Uranium = 2935 pCi/g 

U-238 = 140.5 pCi/g 

U-234 = 1405 pCi/g 

Although a natural isotopic distribution is assumed for the uranium isotopes, the uranium 
contamination is assumed to be NORMAL in content, meaning that the uranium has been 
processed and the only daughters which are included in the dose and risk calculations are 
the immediate, short-lived daughters, which are thorium-234 and Protactinium-234. 

Mass of Total Thorium Represents All Thorium-232 

Th-232 = 9.6opci/g 

Th-228 = 9.60 pCi/g (Secular Equilibrium with Tborium-232) 

Tbe two exposure scenarios evaluated in this assessment are identified in items (1) and (2) 
of the introduction. The first exposure scenario is the exposure to a worker who walks 
through the contaminated areas on a daily basis. The second exposure scenario evaluates 
the exposure to tbe worker who installs the telephone poles. In addition to an external 
radiation dose, the installation of the telephone poles is assumed to result in tbe 
resuspension of dust during excavation activities which can also result in a potential dose 
to the RME individual. 

. 
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The first exposure scenario detailing the worker who walks through the contaminated areas 
on a regular basis is defined by the following annual exposure parameter: 

EF = Exposure Factor, 0.0286 
(Based on a one hour exposure each day, 5 days each week, and 50 weeks 
each year.) 

There are several source term parameters that function to characterize the dose to this 
RME individual of exposure scenario number (1). These source term parameters are 
components of the direct (external) radiation pathway. 

FA, = Area Factor, 1. 
(Based on the assumptions identified in the source term 
characterization. Tbe subscript (1) represents the external radiation pathway.) 

FS = Shape Factor, 1. 
(Based on a circular and infinite medium). 

The parameters identified above for exposure scenario (1) relate to the external radiation 
pathway. The external radiation pathway is the only pathway evaluated under exposure 
scenario number (1) since it represents the only potentially significant pathway of concern. 
A more detailed description of the external radiation pathway will be given in the following 
section. 

The second exposure scenario, characterizing the RME individual who will be performing 
the installation of the telephone poles, is composed of two pathways: external radiation and 
inhalation of resuspended dust. The inhalation of resuspended dust becomes potentially 
significant where excavation of contaminated soil occurs. 

The exposure and source term parameters for the external radiation and inhalation pathways 
are as follows: 

EF = 0.019'7 (Based on a limited exposure duration of 8 hours, five days each 
week for a total of 4 3  weeks.) 

Bulk Density = Soil default value of 1.8 g/cm3. 

FA, = 1, FA, = A1n/(A1/Z+DL). Determined to be 0.81, see calculations in 
the Exposure Pathways and Methodology Section. 

A = Area of Contamination. DL = Dilution length, default value of 3 meters 
is typically used. The subscript (2) represents the inhalation pathway. 



FCD, = T(t)/dm For Cd(t) + T(t) < dm. 

Where Cd(t) = Uncontaminated cover depth at time t (0). 
T(t) = Contaminated zone thickness at time t, 0.1 meters. 
dm = Mixing depth default of 0.15. 

FI = Inhalation Rate, 8400 m3/yr. 

EXPOSUR E PATHWAYS AND METHODOLOGY 

The direct radiation pathway is shown in Equation (1) below: 

DOSE (mrem/yr) = DCF, x Bulk Density x Source Conc. x EF x FA, x FS (1) 

DCF,, = (mrem/yr)/(pCi/cm3) representing the annual effective dose 
equivalent from exposure to external radiation. See Table 3-1 for the specific 
values. 

Bulk Density of soil with a default value of 1.8 g/m? 

Source Term = Picocuries/Gram of Soil for the ia radionuclide. 
Use the radionuclide specific values on page 3. 

€3 = Shape Factor, 1. The shape factor corrects for a noncircular shape area 
factor. 

FA, = Area Factor, 1. The area factor represents a circular-area-equivalent 
contaminated zone. A-more-detailed analysis can be found in DOE, 1989. -- - 

EF = Occupancy and Exposure Factor. 
0.0286 = Exposure Scenario #1 
0.0197 = Exposure Scenario #2 

The inhalation of resuspended dust pathway is shown in Equation (2) below 

DOSE (mrem/yr) = ASR x FA, x FCD,(t) x EF x FI, x Source Term x DCF, (2) 

ASR = Air-to-Soil resuspension factor, 2 x104 g/m3 typically used value 
(USDOE, 1989). 
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FA, = Area Factor for the inhalation pathway which is identified by the 
subscript number 2. 

'FA, = A'D/(A'n +DL) = 4.80'/2/(4.80'/2 +3) = 0.81 
Where DL = Dilution length, default value of 3 meters 
(USDOE, 1989) 

FCD,(t) = Cover and Depth factor, 0.67. The cover and depth factor 
represents the fraction of resuspended soil partides at the ground surface that 
are contaminated. It is calculated by assuming that the mixing of the soil will 
occur within a layer of thickness d, at tbe surface (USDOE, 1989). The 
subsript (2) represents the inhalation pathway. 

The term Cd(t) represents the uncontaminated cover depth (meters) at time 
"t". The T(t) term represents the contaminated thickness depth (meters) at 
time "t". 

EF = Exposure Factor, (0.0197 for exposure Scenario #2). 

FI = Average adult breathing rate, 8400 m3/yr. 

Source Term = Picocuries per Gram of soil for the i' radionuclide. 
See page 3 for radionuclide specific concentrations. 

DCF, = Annual committed Effective Dose Equivalent from a one time 
exposure for 50 years of internal intake of i'" radionuclide (USDOE, 1989). 
See Table 3-3 for specific DCFs. 

' -@ntamhated. zone area based..o.n excavati.on . . .  of 4.8 m2.. - .  
. . . . . - - - .. .. . . 1 . . . - .  ..l=.--? . -  - ..... .-' 

The purpose of this section is to bring together the source term cbaracterization, the 
exposure scenario descriptions, and the pathway analysis methodology and then estimate the 
resulting doses and risks. There were two 'exposure scenarios identified in the introduction, 
numbered as (1) and (2). Over these two exposure scenarios doses and risks will be 
estimated for the telephone pole region of contamination. The results will appear as 
follows: 
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EXDOSU re Sce nario X I  

General Ea -uation for External Radiation Pathway 

DOSE = DCF,, x Bulk Density x Source Term x EF x FA, x FS 

Table 3-1: Doses and Risks for the Exte mal Rad iation Path way of Exoosllte, 
enario #I 

Radionuclide DCF,, Dose Risk/yr' 
(mem/yr)/W/m3) (mem/yr) 

U-238+D 6.97 x1U2 5.0 ~ 1 0 '  1.0 x10-7 

u-234 6.97 x 1 P  5.0 x l P 3  1.0 xi09 

U-235 + D 4.9 XI@' 1.6 x10' 3.2 xlod 

Total U I - I 7.1 mi I 1 . 3 ~ 1 0 7  

Th-232+D I 6.04 x104 I 3.0 x104 I 6.0 x10" 

Th-228 + D 736 3.6 7.2 
Total Tb - 3.6003 7.2 xi07 

Total Risk = 13 xlU7 t 7.2 xlQ7 = 8.5 xlo" 

+D = Aggregated Dose Conversion Factors for Intake of Principal Radionuclides plus 
Radionuclides of Associated decay chain in secular equiliirium. 
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Exposu re Sce nario X2 

Table 3-2: Doses a nd Risks for t he External Rad iation Pathwav for EXD- r 
Scenano #2 

Dose = DCF,, x Bulk Density x Source Term x EF x FA, x FS 

Radionuclide NFi1 Dose Risklyr 

U-238+D 6.97 x102 3.0 XI@' 6.0 x10 

(mem/yr)/W/cm') mem/yr> 

U-238tD 4.9 ~ 1 0 '  1.0 X l o "  2.0 x 1 P  

u-234 6.97 x l v  3.0 xlo" 6.0 ~ 1 0 " ~  

Total U - 4.03 x10' 8.06 x10' 

Th-232 t D 6.04 xlO4 2.0 x l O 4  4.0 xlO-" 

Th-228 + D 736 25 5.0 x107 
Total Th - 25 5.0 x 1 ~ 7  

Sum of External Risk = 8.06 x104 + 5.0 x107 = 5.8 xlO' 

Based on BEIR I11 Risk Coefficient of 2 xl@' risk/mrem 

+ D  = Aggregated Dose Conversion Factors for Intake of Principal Radionuclide Plus 
Radionuclides of Associated decay chain in secular equilibrium. 
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FXDOSU re Sce nario #z 

General Ea -uation for the Inhalation of Resuw nded Dust Pat hway 

Dose = DCF, x ASR x FA, x Source Term x FCD, x EF x FI, 

Table 3-3: Doses a nd Risks from t he Inhalation of Dust Pat hwav for Exposu re Sce nano #z 
Radionuclide W F i 2  Dose Risk/yr 

U-238+D 1 1.2 x10' I 15x10" I 3.0 x l @  

(mem/pCi) (mem/yr) 

~~~~ -~ ~ ~ 

U-235 + D 1.2 ~ 1 0 '  7.1 x1a3 1.0 xl@lo 

Total U - 32? XI@' 7.01 xl0' 

Th-232+ D 1.1 9.6 x102 2.0 x 1 P  

u-234 1.3 xl@* 1.1 xlo-' 4.0 x108 

Th-228+D 3.1 ~ 1 0 '  2.7 x102 5.0 x i 0 9  

Sum of Inhalation Risk = 2.5 x1p  t 7.01 xlo-8 = 9.51 xlod 

TOTAL RISK (Both Pathways) = 951 x10' + 5.8 x108 = 1.53 xi@' 

I Based on using BEIR III Risk Coefficient of 2 xlW7 risk/mrem. 

+D = Aggregated Dose Conversion Factors for Intake of Principal Radionuclide Plus 
Radionuclides of Associated decay chai,n in secular equilibrium. 
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S U hi hiA R Y /DISCUSS ION 0 F RESULTS 

Dose and risks were estimated for two eqosure scenarios for the mm'murn identified 
source locations. Exposure scenario number (1) was identified by an external radiation 
pathway which occurs as the receptor, an RME individual, walks past the contaminated 
areas each day. Exposure scenario number (2) was identified by the worker who performs 
the excavation activities along with the installation of the telephone poles. 

The total risk for exposure scenario number (1) is shown below: 

Total Risk = 85 xlC7 

This value represents the potential annual risk to an individual walking past the idealized 
contaminated region on a daily work basis. 

Similarly, the total risk for exposure scenario number (2) is shown below: 

This value represents the potential risk to the individual installing the telephone poles. 

Total Risk = 153 xlo" 

These risks are based on several assumptions, outlined below, which greatly exaggerate the 
doses and associated risks. 

1) A constant homogeneous source distribution. 

2) Conservative, hypothetical exposure scenarios. 

3) A uniform source distribution. 

4) A conservative dust resuspension factor. 

Even considering the above assumptions, the doses estimated in this assessment can be 
considered insignificant. The EPA and NRC have proposed BRC (Below Regulatory 
Concern) dose levels of between 5 to 10 mrem per year, committed effective dose 
equivalent. As a result, the risks estimated are in the range of proposed 'diminis levels" 
(Travis, 1989). 
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